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Phosphate is a key nutrient for plants and as it is needed in high quantities. It is highly immobile Phosphate is an essential element for plant growth and its bioavailability represents a major 65 limiting factor for plant productivity. Plants coping with phosphate deficiency exhibit dramatic 66 changes at the developmental, nutritional and metabolic levels. For example, in Arabidopsis 67 thaliana, the root developmental program has been described to be highly affected by phosphate altering gene transcription (Secco et al., 2015) , mainly driven by the phosphate-dependent 77 interaction of SPX1/PHR1 (Puga et al., 2014) . In addition, phosphate-depleted plants usually 78 display a high turnover of phospholipids into sulfolipids (Essigmann et al., 1998 (Fig. 1d,e (Fig. 1d,e) . In contrast to the early root growth responses described in the 
155
The broad sense heritability (BSH) was different among the traits that we measured. While the 156 variation of some traits could not be explained by genetics (Root linearity and root angle, ~0%), 157 most traits are genetically determined and some to an extraordinarily high degree (root_SO4, 158 86%). Generally, traits related to nutrient accumulation showed higher heritability (Fig. 2a) .
159
Among the root developmental traits, total root length showed the highest BSH (~60%), 160 consistently with data from other root system architecture studies in Arabidopsis thaliana 8 161 (Ristova et al., 2018) .
162
Taken together, we found that Lotus natural accessions exhibit a great variation of responses to 163 phosphate concentrations, both at the phenotypic and at metabolic level. Moreover, the similar 164 profound extent of natural variation of root growth between Arabidopsis and Lotus suggests that 165 a large genotype by phosphate level interaction exist within species throughout the dicot group 166 and regardless of whether a species is capable to form AM symbiosis. were in close proximity to 13 genes (Fig. 3a) root tortuosity at day 2 on LP ( Fig. 3b and supplementary figures 8 and 9 ) and the other locus structure. Consistently with our overlap analysis, the same loci are associated with both traits for 265 which they were detected (Suppl. Fig 10 and 11) , therefore constituting suitable candidate 266 genetic regions associated with Lotus root responses to phosphate.
267
In both cases, the above mentioned SNPs span a 10kb LD region with exclusively one protein- (Fig. 4a) . While the observable effects of 283 the loss of function of these two genes was significant in HP, a diverse and variable phosphate 284 accumulation took place in LP conditions. We reasoned that the effect of LP on biomass and root 285 length that we had observed earlier (Suppl. Fig. 1 ) might confound the effects on phosphate 286 content. Therefore we assessed these correlations also across the wt and LORE1 insertion lines. Fig. 6 ). While we selected these two candidate genes for being associated with 293 phosphate level dependent phosphate content as well as root growth traits, we could not observe 294 a consistent and significant root growth difference to wildtype in any of the tested phosphate 295 concentration (Suppl . Fig 7) .
296
Altogether, we provided the community with an atlas of root growth and anion related Lotus 297 phenotypes, showed that root system variation within a genotype by phosphate interaction is not 298 specific to Arabidopsis but also happens in a plant able to form AM symbiosis -even in the absence of the symbiont-, we generated a catalogue dataset of genes associated with root and (Fig. 1d,e) . This indicates that population structure doesn't confound to a large extent when 313 studying responses to phosphate levels and don't preclude screening for natural allelic variants 314 that underlie these traits. 
330
Hierarchical clustering among accessions does depend on the phosphate level and not on the
331
Lotus subpopulation (Fig. 1d-e) , indicating that the observed responses to phosphate are not just 332 an expression of the kinship of these accessions. accumulation and root system architecture responses to phosphate levels, we observed a great 344 variability among broad sense heritability between the two groups of traits (Fig. 2a) .
Interestingly, in our set up, the majority of traits related to anions showed higher BSH compared Candidate genes for phosphate homeostasis 383 Phosphate is one of the main macronutrients and a limiting factor for plant growth, which is 384 highly variable in natural and agricultural soils (Orgiazzi et al., 2018 (Fig. 4) .
397
However, despite the candidate genes being also associated with root traits, the mutants did not 398 show aberrant root phenotypes. This could be due to various reasons: for instance, redundancy or 399 genetic buffering might compensate for these genes for early root growth, the same loci might 400 have a minor effect on RSA and stronger effect on phosphate levels and/or the same SNPs were 401 in LD with other genes that could control RSA.
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Despite the lack of early root phenotype, the clear involvement of these genes in the control of 
